Limited data are available about the implementation of electronic records systems in primary care in developing countries. The present study aimed to assess the quality of documentation in the electronic medical records at primary health care units in Alexandria, Egypt and to elicit physician's feedback on barriers and facilitators to the system. Data were collected at 7 units selected randomly from each administrative region and in each unit 50 paper-based records and their corresponding e-records were randomly selected for patients who visited the unit in the first 3 months of 2011. Administrative data were almost complete in both paper and e-records, but the completeness of clinical data varied between 60.0% and 100.0% across different units and types of record. The accuracy rate of the main diagnosis in e-records compared with paper-based records ranged between 44.0% and 82.0%. High workload and system complexity were the most frequently mentioned barriers to implementation of the e-records system.
Introduction
Advances in electronic medical record (e-records) technology have made it possible to replace many functions of the traditional paper chart [1]. In primary health care (PHC), e-records have uses beyond simply retrieval of patient information; for example, warnings of allergies and drug interactions, developing management protocols for chronic illness, generating pre-appointment reminders and establishing communication links between different levels of care [2, 3] . E-records are assumed to improve the quality of documentation over paper-based medical records via automatic reminders to health-care professionals of important data that are missing [4, 5] . Some authors, however, have warned that inadequate computer skills or lack of training of health professionals together with limitations in erecords software could result in the data in e-records being truncated compared with paper-based records [6] . Others have raised the concern that parallel use of paper-based and e-records could result in inconsistencies between the systems, caused by failure to update both versions of the record [7] . The results of studies performed to compare the quality and completeness of documentation in paper-based and erecords have been contradictory. While some studies revealed that data recording in e-records compared favourably with paper-based records, others have demonstrated that e-records sacrificed the thoroughness of data recording that is inherent in paper-based records [7, 8] . In the United Kingdom (UK), e-records scored favourably when compared to paper-records with respect to legibility, comprehensibility and completeness [6] . In Germany, the introduction of a hand-held computer was associated with improved patient assessment, coding and number of recorded diagnoses [8] , while in the United States of America (USA) e-records were 40% more complete and 20% faster to retrieve than paper-based records [9] . In contrast with the previous results, 4%-13% of the documents in the electronic record were found to be missing compared with 1% missing from paper records in a Norwegian university hospital [7] .
Since 1996 Egypt has adopted a health sector reform strategy aimed at achieving universal coverage with a basic package of PHC services with a special emphasis on women, children and poor people [10] . Currently, PHC units exist in 5 of Egypt's 27 governorates, and the scheme is being rolled out across the country [11] . PHC units in Egypt deliver curative and preventive care services, with a performancebased incentive scheme for staff and an accreditation programme to ensure quality is maintained [12] . An e-records system has been implemented in PHC units to improve the quality and accuracy of documentation. The present study aimed to assess the quality of documentation in e-records compared with paper-based records at PHC units in Alexandria, Egypt, and to elicit physicians' feedback on barriers and facilitators to the current electronic system. 
Methods

Sample
In each of the 7 administrative regions, PHC units with a functioning e-records system were listed and by using tables of random numbers 1 unit was selected randomly. Inside each PHC unit, the master file registers was used to prepare a list of patients who visited the unit in the first 3 months of the year 2011. By using tables of random numbers, 50 paper-based records and their corresponding e-records were randomly selected from the prepared list. A total of 350 records were therefore examined for the 7 PHC units.
Development of data collection tool
Unstructured interviews were conducted with information technology personnel in one PHC unit and with the director of health information system in one of the administrative districts to explore items that should be completed in both paper and e-records and those that were not supported by the e-records. In addition to the unstructured interview, paper and e-records were reviewed to identify data items related to different forms. The review revealed that on the first patient encounter at the PHC facility a health family record is constructed. This record is a medical record that is unified across all family care units in Egypt. There are 3 forms: for general, dental and specific medical conditions. The general and dental forms must be completed for all patients at their first visit and data are added in follow-up visits. The specific forms must be completed if the patient has one the following conditions: diabetes, hypertension, pregnancy, referral, family planning or follow-up for a child aged < 5 years. PHC units use the International Classification of Diseases, 9th revision-clinical modification (ICD-9-CM) for classification of diseases, and physicians are trained to code the diseases themselves.
For this study a data collection form was developed to assess the concordance of information in paper-based and e-records and to determine the accuracy of diagnoses in e-records. The items in the data collection forms were coded as follows: item not documented in paper record and not entered in e-record (score 0); item documented in paper record and entered in e-record (score 1); item documented in paper record but not entered in e-record (score 2); item entered in e-record but not documented in paper record (score 3); item documented in paper record only because e-record does not support this information (score 4); and inaccurate diagnosis (score 5). In e-records there is no electronic entry for the physician signature so the presence of the physician name in the electronic form was used to denote signature completion. The coding scheme was converted into percentages for analysis.
Data collection
Records review A review of both types of records (general medical records and dental records) was performed for patients' initial visits to the unit and follow-up visits if both were in the first 3 months of the year 2011. Subsets of records were reviewed if the patient had any the following conditions: diabetes, hypertension, pregnancy, referral, family planning and follow-up for a child aged < 5 years. For each patient encounter the completeness of the paper-based and e-records were scored according to the coding system above. To determine the accuracy of recording diagnosis in e-records the final diagnoses were compared with that of the paper records and the percentage accuracy of diagnoses was calculated. For all analyses, the paper record was taken as the gold standard.
Physicians' views
In order to elicit reasons for incomplete documentation of e-records and suggestions for improvement, semistructured interviews were conducted with a sample of physicians working at family medicine units where auditing of paper and electronic records was done. The interview started with an explanation of the purpose of the interview and physicians were given the opportunity to elaborate on the reasons of incompleteness of e-records and how to overcome this problem. Physicians who agreed to participate in the interview (31 physicians) were approached and interviews were conducted at a convenient time for each physician. At least one physician was interviewed from each unit where the record review was conducted. Researchers grouped physicians' feedback regarding barriers to successful implementation of the system into: physician-related factors; system-related factors; and patientrelated factors.
Ethical considerations
Confidentiality of patients' information in the paper and electronic medical information systems was maintained. As for physicians' interviews, physicians were assured that their identity and responses were strictly anonymous and participation was on a voluntary basis.
Statistical analysis
Data management and analysis were performed using Microsoft Excel and SPSS, version 13.0. Descriptive statistics using frequency distribution tables were carried out. The z-test was used for comparing 2 proportions. The 5% level was used as a cut-off point for statistical significance.
Results
Records review
A total of 350 records were reviewed; the section on administrative data (11 items) had a total of 3850 data elements, while physician identification (1 item) totalled 350 data elements.
In medical forms, with the exception of the physician identification during the initial visit, all reviewed data sections showed higher or equal rates of completion in paper-based than e-records. In dental forms the pattern was more variable. There was great variability in completion rates across different PHC units, especially concerning completeness of e-records.
General medical records
In the general medical records, higher rates of completion of data elements were found in the paper-based records for items in the section on administrative data (85.1% versus 75.0%, P < 0.001) in the initial visits and the sections on complaint/examination (87.1% versus 42.1%, P < 0.001) and diagnosis and treatment (96.2% versus 81.0%, P < 0.001) in the follow-up visits, whereas erecords had a higher rate of completion compared with paper-based records for the section on physician identification (100.0% versus 62.1%, P < 0.001) in initial forms (Table 1) .
Individual units varied greatly with regards to the level of completion of items in both paper and e-records. The highest variability was for the section on complaint/examination in e-records, whereby the best performing unit had a level of completion of 67.6% compared with 11.3% for the worst performing unit. As for the section on physician identification in paper-based records, the best performing unit had a level of completion of 98.0% compared with 15.0% in the worst performing unit (Table 1) .
Dental records
Comparison of paper dental records with their electronic counterparts revealed a higher average rate of completed e-records items for the section on administrative data (100.0% versus 99.1%, P < 0.001) in the initial visits and the sections on date (72.8% versus 64.4%) and physician identification (100.0% versus 73.1%, P < 0.001) in the follow-up visits. On the other hand, paper-based records had higher rates of completed items for the sections on gum/dental examination (81.8% versus 73.0%, P < 0.001) and diagnosis/treatment (73.1% versus 63.0%, P < 0.004) ( Table 2) .
Variation between different PHC units in the rates of completion of e-records was most noticeable in the sections on gum/dental examinations in the initial visit and date and diagnosis/treatment in follow-up visits, whereby the best performing PHC units had a level of completion from 2 to 4-fold better than the worst performing units. A high level of variability also existed between individual units in item on physician identification in the follow-up sheet in the paper-based records, whereby the lowest performing units had a level of completion of 50.0% compared with 88.0% for the highest performing units ( Table 2) .
Specific disease records
Comparison of paper and e-records with regards to completion of items in specific disease forms showed marked variability across different diagnoses. Family planning and paediatric records had the highest rate of completed items in paper-based records (92.2% and 91.3% respectively), while diabetes and hypertension records had 100% of items completed in e-records ( Table 3 ).
Accuracy of diagnoses
The percentage accuracy of diagnoses in e-records in the 7 different PHC units ranged from as low as 44.0% in unit no. 6 to as high as 80% in unit no. 2, with an average of 65.7% (Table 4 ).
Physicians' views
The interviewed physicians mentioned 7 physician-related factors, 3 system-related factors and 1 patientrelated factor as reasons for not recording data in e-records. Of these, high workload was the factor most frequently mentioned (96.8%) followed by complexity of the e-records system (67.7%). The only patientrelated factor was patients' reluctance ‫املتوسط‬ ‫لرشق‬ ‫الصحية‬ ‫املجلة‬ ‫العرشين‬ ‫املجلد‬ ‫الثاين‬ ‫العدد‬ to give the required information (29.3%).
In order to improve documentation in the e-records system, training on using the system was the factor most frequently cited by physicians (61.6%) as facilitating successful implementation. Additional suggestions about facilitating factors included physicians' awareness about the importance of electronic documentation (51.6%), follow-up from the quality committee (48.4%), reduction of paperwork (48.4%) and initiation of incentives for electronic documentation (45.2%).
Discussion
This study aimed to assess the completeness and accuracy of documentation in electronic medical records at PHC units in Alexandria. The results showed that data recorded in e-records were significantly less complete when compared with paper-based records and that there were very wide ranges of completeness of e-records across different PHC units. The present study findings agree with studies performed in Norway and the USA [7, 13] and disagree with other studies performed in Germany and the UK, where documentation in e-records compared favourably with paperbased records [6, 8, 9, 14] . However, the level of completion and accuracy of documentation greatly lagged behind other studies. In a study performed in Norway, 4%-13% of e-records were incomplete [7] , whereas the present study revealed a level of incompleteness as high as 57.9% in the section on complaint/examination in follow-up general visits and 37.0% in the section on diagnosis/treatment in follow-up dental sheets.
The high level of incompleteness of e-records in the present study could be attributed to several reasons. First, writing on paper could be easier for physicians than writing on a keyboard, especially if the computerized system has limited space for free text. Secondly, physicians may assume that the data in e-records is just a subset of the data in the paper records [7] especially if the erecords do not support all data elements in the paper records, as was the case in the present study. Thirdly, in PHC units e-records only support documentation and do not support other functions such as decision support, disease management protocols and alerts for drug interaction. Therefore physicians may consider e-records a waste of time by duplicating the paper-based records, with no added benefit to the practice. Fourthly, the level of documentation for some elements in both electronic and paper records were low (e.g. administrative and history and examination data in general forms, gum and dental examination data in dental forms) and pregnancy records. Therefore changing the tool without changing the process already in place for documentation may not result in improvements in documentation practices. Effective e-records implementation requires understanding and changing workflow to optimize e-records use in patient care [13] .
The results of the present study also revealed that documentation of e-records was superior to that of paperbased records with regards to physician identification data at initial general medical visits (100.0% in e-records versus 62.1% in paper records) and in physician identification in follow-up dental visits (73.1% in e-records versus 62.1% in paper-records). It was also better in disease-specific records, in which documentation was 100.0% complete for both in diabetes and hypertension in e-records and only 82.2% and 82.8% complete respectively in paper-based records. The fact that parallel use of erecords and paper-based records results in missing data in both has been highlighted by a number of studies [7, 14] . This is exacerbated in e-records of PHC units in the present study by the fact that many data elements in paper-based records were not supported in e-records. This could have a significant impact on the daily practice of the physician, who would not be able to rely on either type of record in his/her clinical decisions.
If physicians were to go through both types of documentation to ensure that there are no missing data this would significantly impede their workflow [14] . Missing data in both types of records could also question the methodology of using paper records as a gold standard for assessing the quality of documentation in e-records. To overcome this defect, some studies used videotaped patient encounters as a gold standard for assessing the completeness and correctness of clinical encounter data [15, 16] . Other studies highlighted the different presentation of e-records and paper records, with the former mainly composed of highly standardized data elements and the latter composed of a more or less unstructured free text. Thus, on comparing data, both types of records should be transformed into a common presentation [14] .
The present study reviewed the accuracy of diagnosis in e-records as compared with paper records; the overall percentage of accuracy in diagnosis was 65.7%. This could be attributed physicians' lack of interest in changing the type of diagnosis from provisional to final diagnosis for every case, resulting in 35% of patients having provisional diagnoses rather than final diagnoses. Simple training for physicians about the importance of documentation, including selecting the final diagnosis, is needed to overcome the problem of inaccuracy.
Our study agreed with the growing body of literature showing that high workload and complexity of the system are major barriers to using e-records [17] [18] [19] [20] [21] [22] . The complexity associated with the use of e-records, especially if physicians are not well trained in their use, leads to more time allocated per patient, especially if the physician has to disrupt the clinical encounter to enter data [13, 23] . Thus it is crucial to train physicians before implementing the system, and training was also the most frequently cited facilitating factor to successful implementation of the system. Additionally, physicians stressed the importance of improving awareness about e-records. This suggestion is supported by the literature stating that physicians may be sceptical about the benefits of e-records [18, 20, 24] , which would subsequently create personal resistance to their adoption [23] . However, another study reported that following implementation of a new e-records system physicians were receptive to the new system within 1 year of implementation [25] . This would reassure managers that physicians' initial resistance will decline by time. Physicians in our study agreed with their counterparts in other studies stating that they need a personal benefit to persuade them to switch from their traditional work procedures to a new system. The motivating incentive in most of the studies was found to be financial [17, 18, 23] .
The present study aimed to evaluate e-records at the PHC level. This kind of evaluation is rarely done, despite its importance in capturing opportunities for improvement and in evaluating the feasibility of implementation of e-records in a country with economic constraints such as Egypt. Other strengths of this study were that all administrative regions in Alexandria were included and the study PHC units and medical records were sampled randomly. A limitation of the present study was that it did not assess the timeliness of documentation in erecords. This can be attributed to the fact that accessibility was provided to the user interface only and not to the administrator interface. Another limitation was the use of paper-based records as the gold standard to assess the completeness and accuracy of e-records. A third limitation was that the study was crosssectional in its design, and therefore did not test trends over time.
Conclusion
In PHC units where the study was conducted, parallel use of e-records and paper-based records resulted in missing data from both types of record. The dual use of records should be transitional and limited to the implementation phase of e-records. Afterwards the paper-records should be completely replaced by the e-records. Before complete replacement, the e-records system should be able to support all data elements in the paper-based records. The capabilities of e-records systems should be widened from just supporting documentation to supporting clinical decisions, improving patient safety, acting as a reminder for patients and referral of patients between different levels of care. Physicians should receive education and training on the benefits and use of such capabilities to gain their support.
